Many contributions in cancer and other phases of biological research have been and are being made possible by the use of mice of the many inbred strains now in existence. Among these inbred strains, mice of the C3H and the A strains play an important rOle.20 These animals have not only produced an abundant supply of spontaneous tumors not available to investigators before the strains were developed, but they also have served as a means of obtaining reproducible results in (a) transplantation of malignant and normal tissues,'5 (b) the induction of tumors by carcinogens" 12 and following the administration of hormones,6 13 (c) the investigation of such diseases as glomerulonephritis," (d) abnormalities such as stenosis of the esophagus26 and duplication of seminal vesicles,10 (e) the determination of the biological factors involved in normal7 and atypical growths,'" (f) the phenomena of fertility, fecundity, longevity, and in many other ways. In fact, the inibred mouse should now be considered the standard where quantitative research in the biological sciences is appreciated. No other species of mammal has reached the degree of inbreeding to which the domestic mouse has been subjected.
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The unlimited supply of spontaneous tumors, under controlled conditions, includes especially (1) carcinoma of the mammary gland, (2) carcinoma of the lung, (3) hepatoma, (4) lymphatic, and (5) myelogenous leukemia. Other types of tumors such as (1) epidermoid carcinoma (N mice), (2) carcinoma of the anus (F mice), (3) granulosa cell carcinoma of the ovary (CBA mice), (4) leiomyosarcoma of the uterus (CHI mice), and mesothelioma (CBA mice) also arise in inbred mice, but these interesting neoplastic diseases arise sporadically and in too few animals to permit investigating the biological factors involved in their origin. The 24 The identity of the above specific genes was partially indicated by the use of inbred mice, but their actual exist-ence can be demonstrated, of course, only by hybridization. Drawing specific conclusions from the use of the inbred mouse alone is too restricted.
Obviously the genetic homogeneity in the inbred mouse is not the same as in man. The in,bred mouse has been produced by continued inbreeding, usually by brother to sister or other consistent restricted matings over a period of years. Thus the "genes" or genetic determiners of the inbred mouse are in the same or homozygous condition (AA bb CC DD, etc.) All gametes produced by inbred mice of uniform constitution are therefore genetically or genotypically alike, and the mice are considered to be homozygous or homogamous. By hybridization between individuals of two inbred strains one may produce in one generation another genetic state in which many of the genes are now in the "hybrid" or heterozygous state (Aa Bb Cc Dd, etc.). The number of heterozygous genes depends upon the number of contrasted pairs of "unit characters" possessed by the individuals of the two ancestral stocks. The F1 popiilation thus produced is also composed of individuals of a uniform genetic constitution. But in man still another variation of the genetic situation exists. Inbreeding is frowned upon, in fact, even prohibited by law in many communities. Human matings are necessarily exogamous, thus leading to greater and greater genetic variability. Man is obviously polygenous. This is due in no small degree to the fact that the human species is essentially polyzygous. There has been, however, some degree of inbreeding in man. For example, there is no difficulty in distinguishing between the original colored race and the white race. The characteristics of the Swede, the German, the Russian, and the other nationalities are commonly recognized, not only by the anthropologist but also by many laymen. Certain family characteristics, such as the Hapsburg nose, are easily recognized. As far as genetic constitution is concerned mankind may be considered to be somewhat between the two extreme dasses represented by controlled experimental animals-(a) the homozygous state as represented by the inbred mouse, and (b) the heterozygous state, as indicated by individuals produced by hybridization of two ancestral stocks that differ in a large number of "unit characters." We are now able to characterize the three genetic. classes, (a) the homozygous state of the inbred individual, (b) the polyzygous state of man, and (c) the heterozygous one of the F1 individual.
In this paper the discussion will be confined to cancer. Man gives rise to a great variety of neoplastic conditions. In fact, nearly every tissue of the body may become neoplastic and each type of tissue may appear in a multiplicity of forms-undoubtedly influenced by the process of tissue differentiation. Thus we have great variability, in man, in both (a) his genetic constitution, and (b) the types of tumor which may arise within him. Inbred mice (of a single inbred strain) on the other hand give rise to only a few or to one type of cancer, either spontaneously or after the administration of a carcinogen. They possess great uniformity not only in their genetic constitution but also in the types of tumor to which they give rise. The heterozygous individuals (F1 following hybridization), although they give rise by the genetic processes of segregation and crossingover to many differently constituted gametes, are the result of only two kinds of gametes possessing uniformity in themselves and are thus uniform in genetic constitution, as stated previously. F1 mice give rise, as do inbred mice, to very few types of spontaneous and induced tumors. The comparative characteristics of these three classes of individuals are given in table 1. The problem here discussed is: Can the great variability of tumor types found in man be duplicated in experimental animals where there is an approximation or even duplication of the genetically variable state found in man?
Materials and methods All mice used in this experiment were of the NHO descent and belonged to the same series as those described in previous reports.17 18, 19, 22, 23, 25, 27 The NHO mice were originally produced by tandem crosses between mice of the inbred CBA, JK, and N strains. The idea behind the production of the NHO strain was to obtain a group of mice which would show the greatest possible degree of biological variability without the interfering incidence of the common types of spontaneous tumors found in mice. Up to the present time spontaneous tumors have been infrequent, as reported previously. The incidence of all types of spontaneous tumors, wi'th the exception of those of the lung, is less than 1 per cent. Bronchiogenic carcinoma is the only spontaneous tumor to which the NH (or the derived NHO) stock shows any significant susceptibility (starting at 325 days of life and increasing in numbers up to 30 per cent of all mice by 575 days and to 42 per cent at 675 days of life). In a very small number of these mice, mammary tumors, adenocarcinoma of the stomach, melanotic tumors, and leukemia have been observed.
At 60 days (plus or minus 1 day) all mice were given, on the right side of the body, a subcutaneous injection of 1 mg. of methylcholanthrene dissolved in 0.1 cc. of sesame oil. Mice were kept either as 'breeders or as non-breeders on a diet of Nurishmix supplemented with a mixture of wheat and oats, enriched Bond bread soaked in milk and, at intervals, washed lettuce. Weekly examinations were made of all animals, and mice were killed either as soon as it was apparent that local tumors were definitely growing or as soon as any disorder, such as emaciation, ruffled hair, or wheezing was observed. An autopsy was made on every mouse within a few hours after death.
The present survey of tumors occurring in NH or NHO mice following the subcutaneous injection of methylcholanthrene is based on observation of 4,000 mice. The type of tumors included (1) fibrosarcoma, (2) rhabdomyosarcoma, (3) epidermoid carcinoma, (4) adenocarcinoma of the mammary gland, (5) adenocarcinoma of the pyloric end of the stomach, (6) adenocarcinoma of the lungs, (7) carcinoma of the liver, and several other tumors as mentioned in this paper. The experiment on the 4,000 mice (between the F4 and F12 generations) was divided into two parts. The first part consisted of observations on 2,000 unselected mice (the NH) treated with methylcholanthrene. That is, every mouse of the early hybrid generations (F4 to F8) received an injection of the carcinogen. The second part consisted of observations on mice in which selection toward resistance to the induction of tumor at the site of injection was being carried on (the NHO mice, number 2,000).
When a new type of tumor arose in a mouse, the descendants of that mouse, if available, were continued in the expectation of producing other individuals that would give rise to this particular neoplasm.
Results
The results of genetic selection toward local tumor resistance are given in the Chart. The data disclose that genetic selection toward resistance to local tumors arising at the site of the injection of methylcholanthrene significantly lowered the incidence of these local tumors. Only the data on the appearance of tumors up to from 451 to 460 days following the injection of the carcinogen are included, since the curves indicating tumor incidence between 451 to 460 and 951 to 960 days, the survival time of the oldest animal, do not shift significantly. Each group consists of 500 mice, except Group 9 which is made up of 100 mice. The successive Groups 1 and 2, 3 and 4, and 5 and 6 are added together, including observations on 1,000 mice each. The data for Groups 1 to 6 are complete; those for 7, 8 , and 9 are complete only to the point indicated on the chart. At from 361 to 370 days the incidence of induced local tumors had been reduced from 92.6 per cent in the NH (unselected) to 59.2 per cent in Group 7. At 210 days the incidence of tumors had been reduced from 82.5 per cent in the NH to 15 per cent in Group 9. To express this positive effect of selection differently: In the original unselected NH group, it took 22 days to increase the percentage incidence of tumors from 40 to 60, whereas in Group 7,  gland arises at the site of the injected carcinogen at the region of the right third and fourth nipples, as well as at any of the nipple regions on the opposite side of the body. Internal tumors such as adenocarcinoma and bronchiogenic carcinoma of the lungs with or without mucin formation, mesothelioma of the thoracic wall, adenocarcinoma (206 cases) and squamous cell carcinoma of the stomach, carcinoma of the liver, leiomyosarcoma and leiomyomyxosarcoma of the uterus, granulosa cell carcinoma of the ovary, and leukemia are among the many types of tumors occurring in the selected subline of the NHO strain injected with methylcholanthrene at 60 days of age. Many of the individuals, however, live a "normal life span" without giving rise to any cancer. The leiomyosarcoma of the uterus, the adenocarcinoma of the stomach, the mesothelioma of the thorax, and the bronchiogenic carcinoma of the lungs are particularly malignant tumors, metastasizing extensively throughout the abdomen and thorax and invading local tissue.
Many of 'the mice gave rise to multiple malignant tumors. In fact, these mice probably give rise to a considerably higher incidence of multiple malignancies than do human beings. It is the intention of this paper merely to point out the vast number of different neoplasias that have been obtained in mice by the use of one carcinogen, methylcholanthrene, and one dosage, 1 mg. of carcinogen dissolved in 0.1 cc. sesame oil, at one age of life, 60 days. The only variable is the genetic background of the mice, produced deliberately with a view to simulating as nearly as possible the genetically variable state of man.
Discussion
The attempt to imitate experimentally in mice the genetic variability of man has made possible the production of a large number of different types of cancer following the administration of methylcholanthrene. This result in hybrid mice of the F4 to the F15 generations, following tandem crosses between three strains of mice, CBA, JK, and N, could be realized only when the development of local tumors at the site of injection of the carcinogen had been partially or entirely suppressed by genetic selection away from the appearance of such local tumors. In the selected series many new types of neoplasms arise that are not found in unselected mice.
The original purpose of the investigation was to imitate the genetic background of man, thus producing diverse cancers. Many of the mice develop multiple malignancies. In fact, the percentage of mice that develop multiple malignancies far exceeds that in man. Among the noteworthy new tumors that arise in the selected lines are (1) adenocarcinoma of the stomach (206 cases), (2) mesothelioma arising from the thoracic wall, (3) leiomyosarcoma of the uterus, (4) melanotic sarcoma, and (5) carcinoma of the liver. The first three types of tumor are particularly malignant, invading extensively the neighboring normal tissues and metastasizing into distant normal tissue, probably through the lymph channels. All of these first three types of tumor have been successfully transplanted into other mice. The induced mesothelioma is always multicentric, resembling bunches of grapes on the thoracic wall, and metastasizes to the lungs, heart, and to the diaphragm. When the tumor becomes this extensive the mouse invariably dies. Adenocarcinoma of the stomach early invades the muscular walls of the pylorus and appears as cystic or solid nodules on the surface of this viscus. Adhesions involving the spleen, pancreas, liver, and diaphragm are common. The tumor metastasizes to the lymph nodes along the lesser curvature of the stomach, into the pancreas and into the mesenteric nodes. Extensive invasion up the bile duct has been seen; but so far no metastases have been found in the liver. The leiomyosarcoma of the uterus arises as a polyp, grows into the lumen and thence in both directions until finally the endometrium is completely obliterated. The tumor metastasizes through the lymph channels toward the stomach. Metastases are found in the kidneys, liver, and stomach.
The capacity to give rise to many of these new tumors is transmitted to the direct descendants. For purposes of testing genetic linkage of cancer-producing genes with known inherited color determining "genes," the NHO strain now is divided into 5 sublines. All 206 cases of adenocarcinoma of the stomach have occurred in mice of but one of the 5 sublines, and all of these mice were lineal descendants of a single pair of mice of the F8 generation. Thus, the inheritance of a "gene" producing cancer of the stomach is strongly suggested.
The present work indicates that in order to obtain all of the many types of tumor found in mice one needs merely to have (a) one carcinogen and (b) biological variability as determined by genetic variability. Perhaps in man also, who possesses great biological variability for unquestionably the same reason, genetic variability, there need be only one, or at most very few, carcinogens. To a chemist, this may be a carcinogen.2 4,' To an endocrinologist it may 'be a hormone or some chemical derived from a hormone.6 To a bacteriologist it is perhaps a virus."4
To a geneticist, however, the problem of cancer is not alone one of the chemistry of an inducing substance. It is the individual himself, with his many potentialities controlled by many influences, who in the last analysis develops cancer. It is his response to a stimulus, such as that brought about by the presence of a carcinogen, that permits cancer to develop. What he does with the carcinogen, whether and how he alters it, is the crux of the cancer problem. The individual runs the risk and in the end develops cancer, and more work on his fundamental physiological make-up is, therefore, indicated.
Robert Burns did not have cancer in mind, but he might well have had when he said, "the best laid plans of mice and men gang aft agley." Sumary In an attempt to duplicate or imitate in experimental animals the variable genetic background of man, hybridization of mice and selection toward resistance to methylcholanthrene-induced local tumors were effected. Under these controlled experimental conditions a great number of cancers were produced in mice. In fact, the mice far exceeded expectations by giving rise to a very high incidence of multiple malignancies. The data indicate, therefore, that biological variability, as determined by genetic determiners, is responsible for the various types of cancer found in mice and possibly in man also. The production of the selected NHO strain of mice now makes available, for further research, under controlled conditions in experimental animals a wealth of new neoplastic diseases, some of which, such as cancer of the stomach, will unquestionably be of especial value in view of the prevalence of this type of cancer in man.
